24
Porous Ti6Al4V samples were produced by microsphere sintering. The Zero-Order Reaction Rate Model and 25 Transition State Theory were used to model the sintering process and to estimate the bending strength of 26 the porous samples developed. The evolution of the surface area during the sintering process was used to 27 obtain sintering parameters (sintering constant, activation energy, frequency factor, constant of activation 28 and Gibbs energy of activation). These were then correlated with the bending strength in order to obtain a 29 simple model with which to estimate the evolution of the bending strength of the samples when the 30 sintering temperature and time are modified: when compared to that of human cortical bone (10-30 GPa) [7, 8] and 46 this, according to Ysander [9] , causes weakening problems that can lead 47 to the loosening of the implant [9] . This problem has led researchers to 48 look for different means of reducing the stiffness of titanium [8, [10] [11] [12] [13] .
49
Some of the techniques that have been investigated are based on the 50 development of porous structures, which have been reported to improve 51 cell attachment when an appropriate degree of porosity and pore size are 52 provided [11, 14] . Regarding the procedures used to developed porous 53 titanium structures, solid-phase sintering techniques have been proven 54 to be more suitable than liquid-phase foaming. This is mainly due to 55 the high melting point of titanium and its reactivity at high temperatures 56 [5, 14] . The porous samples used in this work were therefore developed 57 by microsphere sintering.
58
Although different mathematical models have been proposed to 59 obtain the kinetic activity parameters of the sintering process, they 60 are all based on properties such as density, shrinkage rate or porosity 61 and none of them show a high degree of variation during the sintering 62 process used to produce the porous samples [15] . Other models, such 63 as that based on the neck-growth sintering rate (NGSR) [16, 17] 
Microsphere consolidation

96
Microspheres were sintered on yttria, following the process reported 97 in [19] . As explained [19] , because bulk yttria moulds are difficult to 98 produce, alumina moulds were used as a support for the yttria coating.
99
Despite reactivity being minimal when yttria was used as the mould 
119
The size of the necks developed between particles during the 120 sintering process was determined for every condition (see Table 2 ellipse obtained in the two-dimensional image (see Fig. 3 ).
127
The surface area after sintering (S) was calculated as the difference (26% porosity) and a CI of 12 [22] . Nevertheless, in order to consider 141 the particle-size distribution pattern, together with some degree of 142 random arrangement in the mould, a slightly lower coordination 143 index (CI = 10) was adopted. Fig. 2 . SEM Micrograph image of fine particle size microspheres. Fig. 1 . Particle size distribution of Ti64 microspheres: fine, medium and coarse particle size.
3. Results which, according to German [23] , is due to a reduced contribution 152 of the volume diffusion mechanism to neck growth.
153
As reported in Table 2 , evolution of the surface area during sintering
154
(ΔS/S 0 =(S 0 -S)/S 0 ) was lower than 0.5, which, according to Sarikaya 
Relation between surface area and bending strength 166
According to Sarikaya [15] , the surface area after sintering can be 167 related with sintering time by the zero-order Eq. (1): due to the larger specific surface area.
177
The sintering constant, k, can be related with the neck area ). 196 197 where R is the ideal gas constant (8.314 J·K
, T is the sintering 198 temperature in K, E a is the activation energy and A the frequency factor.
199
Although a higher number of experimental points would be desirable to Fig. 3 . SEM image of the sinter neck areas formed during sintering. Fig. 4 . Average diameter of the sinter neck developed for each particle size at different sintering temperatures. intersection with the y axis, respectively (Fig. 7 , Table 3 ).
203
The sintering constant, k, was also used to determine the constant 204 of activation, K a , through Eq. (4) [15] : Hoff Equation [15] in the form of expression (5):
211 212 213 In accordance with the formulae reported above, N AREA can also be 219 expressed in the form of Eq. (6): Gibbs energy of activation (Eq. (7)): 
234 235
236
R is the ideal gas constant. The parameters P, B and ΔG a for the 237 microsphere sizes analysed in this paper are reported in Table 3 . As 
Discussion
251
As reported in Table 3 (Table 3 ). This evolution shows that the instability of the transition 261 state increases on raising the temperature or the size of the 262 microspheres, thus promoting a higher development of the sintering 263 necks due to an increase in the sintering rate.
264
As set out in [19] , some reactivity with the underlying alumina of area analysers in order to determine the evolution of the surface area.
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